tients in our study had heard of the ABCDEF mnemonic. In contrast, 9.9% (36/363) of the patients had heard of the ABCD mnemonic for cutaneous melanoma. In total, 37/363 (10.2%) patients reported having LM, 32.4% (12/37) of the patients noted changes in color or width of the band, and 10.8% (4/37) presented with pain or bleeding of the nail, with only 45.9% (17/37) seeking medical attention. Only 11.8% (43/363) of the patients stated that their physician asked them about nail changes, and 1.4% (5/363) of the patients stated that they were counseled about the ABCDEF mnemonic. In comparison, 13.8% (50/363) of the patients were advised on the ABCD mnemonic for the cutaneous melanoma mnemonic. While 70.2% (255/363) of the patients stated that they used sunscreen or wore sun-protective clothing, only 31.4% (114/363) assessed their nails for color changes, with 54.9% (128/233) of the patients categorizing themselves as "very unsatisfied" with the evaluation of their nails by their dermatologist. Conclusions and Relevance: Our data shows that there is a lack of patient knowledge of LM and warning signs for SM. Further testing is needed to determine whether educating patients about LM, warning signs for SM, and nail self-examinations would improve patient outcomes.
Introduction
Subungual melanoma (SM) is a subset of melanoma that originates from the nail matrix or nail bed. Despite comprising only 0.7-10% of all melanomas, it is the most frequent subtype in patients of African, Native American, and Asian descent and carries a poorer prognosis than similarly staged cutaneous melanomas [1] [2] [3] [4] [5] [6] . Two-thirds of the SM cases present as longitudinal melanonychia (LM; a brown-black band of the nail plate), and these typically arise from the nail matrix and are melanoma in situ, as opposed to invasive melanoma [7] . LM may also arise from many nonmalignant conditions, such as nail matrix nevi, nail matrix lentigines, and nail matrix melanocytic activation (racial, inflammatory, infectious, traumatic, drug induced, or non-melanocytic nail tumors) [8] [9] [10] [11] .
The ABCD mnemonic was introduced in 1985 to facilitate early recognition of cutaneous melanoma by physicians and the community [12] and prompted the development of a similar mnemonic for SM in 2000 [4] . Early screening and evaluation for SM is integral because they are more often than not discovered in late stages. Melanoma-in-situ lesions, which, if recognized and treated early [13] , are the only opportunity for real cure, represent only 10% [14] to 16 .3% [15] of all nail melanomas.
The aims of this study were to assess patient knowledge of LM and warning signs for SM, as well as familiarity with the ABCDEF mnemonic for SM. Secondary objectives were to compare this knowledge to the ABCD mnemonic for cutaneous melanoma and assess the patient perception of their physicians' nail examinations.
Methods
After this study had been granted exemption from the Institutional Review Board at Weill Cornell Medicine (WCM), we prepared a 28-question, anonymous one-time survey. A copy of the survey questionnaire with summary statistics of answers is provided in the online supplementary Table 1 (for all online suppl. material, see www.karger.com/doi/10.1159/000452673). Study subjects included patients at 3 different WCM outpatient practices: general dermatology (GD), primary care (PC), and a nail specialty (NS) clinic. Patients were included in the study if they were ≥ 18 years old. Patients were excluded if they were not able to comprehend the survey due to a lack of fluency in English.
A paper survey, including an informed consent statement, was handed to patients when checking in at their clinics, with instructions to put the completed surveys into a labeled survey box. A research associate was present at the outpatient waiting rooms, and patients were asked to refer any questions regarding the survey to the physician they were seeing that day. REDCap, a data-management application provided by the Clinical and Translational Science Center (CTSC) at WCM, was used for data input and descriptive analysis. Bivariate analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, NC, USA).
Results

Demographics and Pertinent Personal/Family History
Surveys were administered to 394 random subjects, and 363 participated and completed all of the questions to be included in the outcome analyses; demographic data were reported for 363 participants. Respondents were from GD ( n = 167), PC ( n = 152), or NS clinics ( n = 44), with 115 (31.7%) males and 248 (68.3%) females. Overall, the 50-to 70-year age group was the most highly represented group (41.6%). The majority of subjects classified themselves as "White" ( n = 203, 55.9%) or as having skin types II (34.4%) and III (23.1%). Thirty-seven (10.2%) patients reported LM, 35 (9.6%) patients had a family history of LM, and 3 (0.8%) patients had a family history of SM ( Table 1 ) .
Melanonychia Characteristics
Thirty-seven subjects in total reported LM, with the highest prevalence among the 50-to 70-year age group (20/37, 54.0%). The percentage of females reporting LM (24/224, 9.7%) was similar to that of males (13/115, 11.3%). LM and a family history of LM, respectively, were most common amongst African-American (12/67, 17.9% and 13/67, 19.4%, respectively) and Asian-American subjects (3/27, 11.9% and 4/27, 14.8%, respectively) ( Table 2 ) .
The mean number of affected nails was 1.96 (median 1.00, range 1-20, standard deviation 3.26). A change in the color or width of the nail band was reported by 12/37 (32.4%) subjects, and 4/37 (10.8%) noted pain or bleeding of the associated nail. Only 17/37 (45.9%) patients sought medical attention, with higher frequencies in the GD and NS settings than in the PC clinics ( Table 2 ).
Knowledge and Behavior Regarding SM Screening
Of the 363 participants, 18 (5.0%) patients heard of the ABCDEF nail melanoma mnemonic, and 9/18 (50%) picked the correct answer in a multiple-choice question with 4 possible choices. There was no statistically significant difference in knowledge of the ABCDEF mnemonic for nail melanoma amongst the 3 different clinics ($$χ 2 2 = 0.06, p = 0.9724) ( Table 3 ) . Forty-three patients (11.8%) stated that their physician asked them about nail changes, and this was more common in NS clinics (34.1%) than in GD (9.0%) and PC (8.6%) clinics ($$χ 2 2 = 23.74, p < 0.0001). Only 5/363 (1.4%) patients stated that their physician discussed the ABCDEF mnemonic with them. The majority of subjects (54.9%) were "very unsatisfied" with the nail examinations by their dermatologists, which did not differ between clinics ($$χ 2 4 = 2.17, p = 0.7045) ( Table 3 ) . One hundred and fourteen patients (31.4%) reported that they check their nails for color changes, which did not differ between the 3 clinics ($$χ 2 2 = 4.77, p = 0.0919) ( Table 3 ) .
Knowledge and Behavior Regarding Cutaneous Melanoma Screening
From the 363 participants, 36 (9.9%) heard of the ABCD mnemonic for cutaneous melanoma, of which 30/36 (83.3%) picked the correct answer in a multiple choice question with 4 possible answers. Significantly more patients in the GD (13.77%) and NS (11.36%) clinics heard of the mnemonic than in the PC clinics (5.26%; $$χ 2 2 = 6.57, p = 0.0375) ( Table 4 ) . One hundred and fifty-four (42.4%) patients reported that they received "regular skin checks", and 50/363 159 (13.8%) patients stated that their physicians discussed the ABCD mnemonic with them, which was more common in the GD and NS settings than in the PC clinics. Two hundred and fifty-five (70.2%) patients stated that they wear sun-protective clothing ( Table 4 ) .
Discussion
The goal of this study was to assess patient knowledge of LM, nail self-examinations, and patient satisfaction with their physicians' nail examinations. SM is relatively rare, comprising only 0.7-10% [1] [2] [3] [4] [5] of all cutaneous melanomas. In our patient population, 0.8% had a personal or family history of SM, 10.7% had a personal history of skin cancer (melanoma or non-melanoma), and 23.7% had a family history of skin cancer. LM was reported by 10.2% of the subjects, and 9.6% of the participants had a family history of LM. The prevalence of LM amongst African-American subjects in our study was 17.9%, 11.9% amongst Asian-Americans, 8.5% amongst Latin Americans, and 7.9% amongst Caucasians. In another study, 73% of the patients with skin phototypes IV, V, and VI had LM on physical examination [16] . It is frequently seen in the African-American population, with an estimated 100% of the black patients over 50 years of age having melanonychia [17] . In a report on Chinese patients with LM, there was an increasing prevalence with age, peaking at 1.7% in subjects older than 30 [18] . A previous report on LM in a white population showed a prevalence of 1.4% [19] . Our study showed lower frequencies in African-Americans and higher rates in Whites and AsianAmericans than previous reports. This discrepancy may be due to differences in the study design (i.e., physician vs. patient examination of nails).
LM prevalence increases with age, being most commonly seen in patients between 45-65 years of age [19] . The "A" in the ABCDEF mnemonic stands for age of presentation (peak 5th-7th decades) [4] . In our study, LM increased with age, with the 50-to 70-year age group being most commonly affected. In addition, similar percentages of females (9.7%) and males (11.3%) reported LM. This is consistent with another study showing equal prevalence of LM among males and females [16] .
Of the 37 subjects with LM, 32.4% reported a change in the color or width of the band, and 10.8% reported pain or bleeding of the nail. Only 45.9% of the subjects stated that they were seeking medical attention, and only 29.4% of those patients were seeing a physician due to concern of possible malignancy. Notably, in the ABCDEF mnemonic, "C" represents a change in the color of the band [4] . These results are concerning and suggest that further efforts should be taken to educate the public about warning signs for SM. LM should be evaluated with a dermatoscope by an experienced dermatologist or nail specialist.
The ABCD mnemonic was originally created in 1985 to facilitate early recognition of cutaneous melanoma by physicians and the community. The mnemonic stands for Asymmetry, Border irregularity, Color variation (both within the lesion or compared to other moles), and Diameter larger than 6 millimeters (mm) [12] . The mnemonic was later modified to include "E" [20] , for Evolution of the lesion, and "F" for Funny-looking, or the "ugly duckling" sign [21] . The original 1985 ABCD mnemonic prompted the development of a similar mnemonic for SM in 2000. In the mnemonic, "A" stands for Age of presentation and certain races (African-American, Asian, and Native American) in which SM is more likely. "B" stands for Black or Brown color of the band, a Breadth wider than 3 mm, and a Blurred border. "C" stands for Change in the band over time. "D" stands for Digit involved, single Digit involved and the Dominant hand (thumb and hallux most common). "E" represents Extension of pigment to proximal or lateral folds, and "F" stands for Family history or personal history of melanoma or dysplastic nevus syndrome [4] .
Only 5% of the patients in our study had heard of the ABCDEF mnemonic for SM, and only 50% of these patients knew the correct meaning of the letters. The ABCDEF mnemonic for SM is widely cited and regarded as an important clinical aide for medical professionals in assessing LM [22, 23] . There are a few plausible explanations for the lack of familiarity with this mnemonic. First, there is a scarcity of print-and web-based literature. For example, it is not included in the "public and patients" section of the American Academy of Dermatology website [24] . It is also absent from the Melanoma Research Foundation website [25] , Skin Cancer Foundation website [26] , and the patient skin cancer education page of the NIH, National Cancer Institute [27] . Another possible reason why patients were not familiar with the SM mnemonic is that their physician never educated them. In our study, only 1.4% of the patients reported that their physician counseled them on the ABCDEF mnemonic. This in turn may be due to a lack of physician knowledge of the mnemonic or hesitancy to use it. For example, in a study of 12 cases of melanonychias (5 melanomas and 7 nonmelanomas) evaluated by clinical evaluation, the ABCDEF rule, dermoscopy of the nail plate, and intraoperative dermoscopy, accuracy in diagnosing SM using the ABCDEF rule was only 48-54%, and this was irrespective of whether the dermatologists or nail experts had <10 years, 10 or >10 years of experience in practice [28] . Further studies are needed to assess physician use and accuracy using this mnemonic for the diagnosis of SM.
In contrast, 9.9% of the patients had heard of the ABCD mnemonic for cutaneous melanoma, with 83.3% correctly identifying the correct representation in a multiple-choice question. It is not surprising that more patients know this mnemonic compared to the SM mnemonic given the wide presence on multiple websites appropriate for laypersons [24] [25] [26] . This difference is also supported by the finding in this study that amongst the patients who heard of the mnemonic, 44.4% had heard about it from their dermatologist.
Our study has several limitations. LM and SM are more common in African-Americans, Asians, and Native Americans; however, in our study population, 55.9% of the patients classified themselves as "White", and only 18.5% as "African-American" and 7.4% as "Asian". In addition, LM was self-reported by subjects instead of being evaluated by the physician. Taken together, this may underestimate the frequency of LM in this community. We did not separate out fingernails and toenails when querying subjects on LM or the family history of LM. This is important because patients are generally more aware of nail changes on the fingernails as opposed to the toenails. In addition, females may notice changes on their nails more often compared to males. Finally, many patients opted not to participate in the survey (response rate of <50%), limiting the quantity of the data collected.
Our study demonstrates a lack of knowledge of LM and warning signs for SM amongst this patient population. Further studies are needed to determine whether educating patients about LM, nail self-examinations, and the warning signs for SM, would result in improved patient outcomes. Since LM can be easily seen with naked eye, nail self-examination can be performed simply and frequently. Changes can be documented by taking serial photographs with their smartphones at regular intervals. Further studies, looking specifically at the benefit of the ABCDEF mnemonic for early detection of SM and usage among physicians, should be taken into consideration.
